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RNA interference-mediated silencing of HvIAPS5 impairs survival and development
of the 28-spotted ladybeetle Henosepilachna vigintioctopunctata
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Abstract: To evaluate the potential of the inhibitor of apoptosis protein 5 (HvIAPY) as an efficient RNA
interference (RNAI) target gene for pest management, its temporal and spatial expression patterns and
tissue specificity in 28-spotted ladybeetle Henosepilachna vigintioctopunctata were investigated. The
effects of HvIAPS5 silencing on survival, development and apoptosis were evaluated using double-
stranded RNA (dsHvIAPS5) synthesized in vitro and expressed in bacteria. HvIAP5 was broadly
expressed across all developmental stages and tissues, with the highest expression observed in the 4th-
instar larvae and midgut, and lower levels in adults and Malpighian tubules. Feeding in vitro-

synthesized dsHvIAPS significantly reduced survival: after two days of exposure to 100, 200, and 300 ng/uL
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dsHvIAPS, survival rates 1st-instar larvae were 64.0%, 30.0% and 12.0%, respectively; 4th-instar larvae

receiving 100, 200, and 500 ng per individual showed survival rates of 58.0%, 32.0%, and 2.0%, respec-
tively, with a 90.8% reduction in HvIAPS5 expression after two days of fed with 200 ng dsHvIAPS. Feed-
ing bacterial-expressed dsHvIAPS resulted in survival rates of 10.0% and 4.0% for 1st- and 4th-instar

larvae, respectively. TUNEL staining indicated that dsHvIAPS5 feeding significantly promoted apoptosis in

midgut tissues. These findings suggest that HvI4P5 is a promising RNAI target gene for the control of H.

vigintioctopunctata.

Key words: Henosepilachna vigintioctopunctata; inhibitor of apoptosis protein; feeding assay; RNA

interference; apoptosis

hii — - /\ B 3L H Henosepilachna vigintiocto-
punctata J& T W HICAREL, EZ MM , F2
HE T Solanum melongena . %545 %5 S. tuberosum
SEMAHMEY (E1E%,2019), HAET, BitGm 1+ /2
PR BRSO, Bl TR ED AR 24
PR TR I BORZER G B S H— b2 E B A
KOARRIH AL TR R BT R . I, FRkE%
R R = VR B GATE R BE .

RNA T3 H AR (RNA interference, RNAi ) & —F
e SR S FE P DUBRPLA , 3 1 T A5 PR bR 5L D9 )7
B[R] 5 B8 XU 5% RNA (double-stranded RNA, dsRNA)
A [FIRAE 1 RNA RREAf , 5 | B AR SE R =
MERJITER (Fire et al., 1998) , AT i iR 3 g 4=
HRE, RARBUUAER R T ZHMAFEEE ) TR
(i AE,2021) . dsRNA FE4 P4 P 38 477
TE AR v ) Wi, BB JCRE L JCBR B IR R
VER SRR R AR M EORBA W R A, HAET
FIIH RNALH AR BG4 F B B 2 . filan,
dsApAK KPR )5 , Wi 15 8% Acyrthosiphon pisum FET %
g AR 91.19% (5% W P45, 2023) 5 28 R FF 1A
Escherichia coli 3¢5 5 W1 dsACT 2L ¥R J5 , 87% 14
LA B L Leptinotarsa decemlineata MRBE T (fi]
WAFLF,2019) . HHATE T A RNALH AP A —
RANET IR LR 810 (2 S o ity RVAN =S F
WAL T Rebt R U T AR B, LT R
W 2 R HE K] HvCDA T — A /R BRI AEE 5
KEALHEHEEN, T3 HvCDA1 ik n] S8
Wd R S H AR 32 BH SRR R W, e A BUAE T
(EMEH A5, 2023) 5l BRI v 2 dsHVFTZ-FI )
65.0% YA — 1 /\ B S 1 4y ot PRI gt e 52 BHL i 5
T, [RCER HvFTZ-F1 =t/ R SR 20E4H
S HvDIB .HvSPOOK . HvSHADOW .HvSHADE il
HvE75 BRI (I, 2022) 53X SERfF 57
& A — /R B RNABT A Yk 2451

M T BOL AR EEA

20 BT T — ol R R R ) AR P A A T
1 #E (Kerr et al., 1972) o 5 4R SEA TR, 2002 4
TOR—FA 7 B E 4 B FeESRKALH, A 251
RN RAE L, FFELER R MR R IR K E
ZH BRSSO By 45y T A 4% 4 B 244 FH (Srini-
vasula & Ashwell, 2008) . 41 4 1= 1 4506 )2 %
537, £ 46 Caspase 805 \Bel-2 Kt LA K T
i 2 H (inhibitor of apoptosis protein, IAP) K Ji% ,
X PR 3 e A 2R A5 S ORI R A LR T
RARMKRE. TAPSHEN IAP (Y EZ LA AL 6 FOR
[0 i o< i O 1 e VAL R N [ e = i
TEANMIAZ AR5 B SRR T AT 2253 34HI 1] X0 G
o {432 g A7 8 2 IR 5 VE H (Vucic et al., 2000) .
VER AN T A B X -, TAPS ZE 40 i 3 24 e T
JEEE R (5 5 A% 0 B (Altieri, 2003 ; Saleem et al.
2013 ; Albadari & Li,2023). i, Ji#R TeI4P5 KA
JG IR W% Tribolium castaneum 40 I8 5E /D | 4y
HR B OG, 2 T B3 S R 2T (Yoon et al.,
2020) ; RNAi 41 5 B HalAPS UL B v] 75 5 H 4% 1y
Helicoverpa armigera 408§ 1- (He et al., 2012) , Ifij
i /N A 14PS5 FE R DI RE M AN 2E

VAR HvIAPS VR e 8 P s B R A T
AHESE LAt — A /R BUR R BF S X4, R G000 E
HVIAPS JERAE T /B A g e 248 Rk X
R S 30 AR AR S MG ORI TR R A 7 A
(1) dSHVIAPS %3} HvIAPS LRt —+ /R LR
AR AR RE LM T2, DL 7R
dsHvIAPS X i — -+ /\ B A BEHLE] , T &
T RNALAE YR 23R P e HE PR RE A

1 B 57 %
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HHRE A - 20184 5 H FAER A KA



926 LR/
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N A SR K I e 2% Solanum nigrum FERE R
T/ R R E TR IR EAR 90 mm. 5
13 mm A5 TR LA, PR AT i R BR O RNE , F 15 5%
L& TR (25+1) C SEJEI 14 L: 10 D AHX 8 A
(80+5) %M N TS MpxEF=46 T, Rt VR i —
EFRRMA AR U B S ARl
ZRAR ) T I X F 00 T Rl K i, Bl A
IR RN BLA BB ST BT s TAER AR A =
A TR AR R, SRR I iR

Ri R LB AR R SR 36 o M A AL 10 g e
BEEHPR 10 g BEREIRY) S o, BIMKERELL,
121 C 1 He 2875 K 16 20 min; LB WA 35 5 s
TR H 20 g RIH LB [EARRFRIE

TR T A4S - PrimeScript™ RT Reagent Kit with
gDNA Eraser, QuickCut™BamH 1 [ F1 Quick-
Cut™ Sac 1§, H 4~ TaKaRa 2\ 7] ;96 fLAk , 2 [E Bio-
Rad /A 7] ; DNA Ji [FICGA ] & B B L 2xPCR Tag
MasterMix, A= T A9 T2 (B B A BRA Al 5
HiScribe™ & 7 & , 35 [ NEB /A ) ; C116 # £H fif§ , 7
T R A R e AT BR A ] GFP JBi A . RNase
1L Bl 5 K B FF 14 Escherichia coli HT115(DE3 ) &
ZAANML, R R R AW AR A BRA 7] 5 L4440 [T
Wi, AL A PR BR A 5 AR 4k [
T4l . RXZ-436E N TSGR, T I LAY
#% ) s NanoDrop OneC 4366 & i1, 3¢ [E Thermo
Fisher Scientific 2y 5] ; P250 Pannoramic $44X , &) 7F
| 3D Histech 23 ] ; GBox Chemi XRQ Hi, K #E 2 i
1% /31K 255 , 24 [F Syngene 2 1) ; CFX96 Touch SZ
65 f PCR X .iMARK-680 %Y il b5 4% , 3 [ Bio-
Rad A ]

1.2 Ak
1.2.1 X & % RNA 2B fe cDNA % —4% 4%,

Fi = /R B  1~4 40 I A
TR AL A B 20 4 107,521 1 F 1 3k, 2 i
FAEA RNase 19 1.5 mL .08, BAFEM ERE
3, R A MGEAR Y, B T-80 CUKA P IR-1F, &
o 20 5IR4E 40k /R B 4 {4 Gy U £ Rz
FRWitR ATl s e M S R BETASA
RNase [ 1.5 mL 208, AR H A 3 0, FHII
RH AR, B T80 COKAE T RAE, &

K I TRIzol ¥4 43 il $2 UK [R) & & B B il — 1
J\RE S HURE & RNAS [R] 2 4R 5 19 6 RNA, i 1%
B IE L e FL KRG I RN RE S i, £ A6t
THRE I PV B2, T AT R AR 18 T 5 BE LG AEL OD g !

OD,0 90T 1.8~2.2 Z[0] , ST G hRUE . BAPAE S,
WU 1.0 pg B RNA, >k H PrimeScript™ RT Reagent
Kit with gDNA Eraser J % 5 & i cDNA 5 — 4% 4%
W I A5 cDNA VA TR LA 10 1519 L4946 B¢, —20 C
fe, &

1.2.2  HvIAPS AR R E B NpAntl 2064 FOk AR,

M\ TR B S 2 A R 3R A HvlAPS
LK P4, FFH IDT PrimerQuest™Tool [ % 1% 11-2¢
Jt % & PCR #¥ 5 P 5] ¥ RT-qPCR-HvIAPS-F/RT-
qPCR-HVIAP5-R(F 1), 51 Z4e4: TAEY) T2
(L) A AR A TS . LARPSISEEFE NS
KL (L et al., 2018) , Al BT A9 2 7 PCR 4§
SEHER Y A R EUHUR R AR & & B BORIAS
[ 202U HvIAPS BE DR (R A X e 3k i MEA T S o
€ 11 PCR (real-time quantitative PCR, RT-qPCR) i
I, 50 uL RT-qPCR JZ W44 & : cDNA £ 2.5 uL
10 pmol/L i F IR 3144 2.5 uL . TB Green 25 puL .
ddH,0 17.5 uL. ¥ AR &% £ 96 FLAR , RT-gPCR
NI £ 95 CHAEME 30 5595 CAETE S 5560 CiE
K30 s,40 PEI ;S it 2. 95 °C 5 s(4.4 Cls),
60 °C(2.2 °C/s),95 °C(0.11 °C/s, FEFFE 1 CRE 1R
PHA5E 5 ). R C1000 Real-Time PCR System i
BRI S A0, B 2729¢ g b s 35 DR A A
Fih R P78 (Livak & Schmittgen,2001) .

1.2.3  dsRNA #94R9M 4%,

FE T A /R B A s S 4B (GenBank
A5k 5 o PRINAS92380) i 4T A= W15 B 2% 3 #r , 3k
BHVIAPS SEH AT IRIT 9. I T35,
A E-RNAi ¥ ¥} (https://e-rnai. dkfz. de/signaling/e-
mai3/) & it dsHvIAPS LI K Xt BE dsGFP B e 2 PES |
Pr(F 1), 43 9IF 1 1.2.1 4 1 cDNA Hil GFP Ji
¥, F JH dsHvIAPS 1 dsGFP B 4% St | iy 4 Aty
T7)E s F8) BAsEH A Bt 100 pL PCR W AA A -
2xPCR Tag MasterMix 50 uL .cDNA/GFP J§iki 5 pL .
10 pmol/L F/R 5445 5 uL .ddH,0 35 puL., PCR JZ)
FREF : 94 CHIAEM: 3 min; 94 CAEME30's, 55 CiB &
30 s, 72 °C #EfH 1 min, 35 DE I 5 72 °C & GE i
10 min. I 1% B HEEE i FEL UK X PCR ™= Pk A 7
R, I f6f 1 DNA Jie S35 & el B Ar 40, 78
ARSNGB dsRNA AR . >R FH HiScribe™ 5 £
418 dsRNA , F ddH,O Xt H b A7 g, F1H 1.5% Bt

FMEE I HL K X dsRINA S s A ARG, 1) FH 406k
FETHRT I dsSRNA PR B2 B A -5 4% 1) dsRNA &
T80 CUKFEHIRAE, & H
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Table 1 Primers used in this study

EIR /BN

Primer name

S1WFHN(5'-3")

Primer sequence(5’'-3")

RT-qPCR-HvIAPS

RT-qPCR-HVRPS18

dsHVvIAPS

dsGFP

L4440-dsHvIAPS

L4440-dsGFP

F: GGGTCAAGAATTGAACCAGA

R: GCAAACTGGCAATGACTTG

F: CGCAATCAAAGGTGTTGGAAG

R: GCCTAGGGTTGGCCATAATAG

F: taatacgactcactatagggGTGTAGTGCTCGAAAGATG
R: taatacgactcactatagggCAACTTATTGTTGTGGTAATCC
F: taatacgactcactatagg AAGTTCAGCGTGTCCGGCGAG
R: taatacgactcactatagge TTCACGTTGATGCCGTTCTTC
F: atcatcgatgaattcGTGTAGTGCTCGAAAGATG

R: ttectgeageecgggCAACTTATTGTTGTGGTAATCC

F: atcatcgatgaattc AAGTTCAGCGTGTCCGGCGAG

R: ttectgeageeeggg TTCACGTTGATGCCGTTCTTC

TRIZEFEK R T7J33IF . Underlined sequences are T7 promoters.

1.2.4  FARARSME AR dSHVIAPS 5-4)) & 2 F 697
A 5T I 2 AR S BB dsHVIAPS 43 5 % 7k —
TR VIR 4 I 4h UARR E B R

BEHE] H i 5n —+/UR B0 14 H 103k (14>
Gt 7/ 3 =N L RGP o Bl R SR S B A R
60 mm . /5 13 mm AR5 IR LA, R AR BRI s BUE
120 12 mm (Y [BIE it 43 0 T B2 2R 100,200
1300 ng/uL (1) dsHVIAPS FE I 2 min, DR
1300 ng/uL 1 dsGFP HiZ i X e B J5 & T
g 1[I 52|11 Ol 1 S R 353 1| W e 9
(25+1)°C JGJEH 14 L: 10 D AHX 15 (80+5) % HY
N LA m IR, A s M E A, 5 R
VIR B, SRR 2 d e eV A T2 A A -
A BRI R VA dsRNA A% 1R
TR ARG FR LR R R AE T B0 T T RA T
TR RS SR AATE R AR K R B, R
ZE5% 10 do

BEHA] H %5 /R B 4 8 4l e DLk b
P24 hJ5 B THIA UEAC . B2 30 mm 5 13 mm 45
FEMLA, BRI Lk (LA EY ) IR AR ER DR 5
3 ) AR I 1l 36 FE A 100,200, 500 ng/ul (1) dsH-
VIAPS , LMAMRE 1 uL {5 2k 500 ng/uL i) dsGFP g%}
HE B R IR TR (25+1) °C 614 L:10 D A
X E (80+5) % Y N T3 A5AE il 5% , 1] M dsSRNA
Ji SEZ) FH A 28 0 B R T B 5k~ i MR it o, L
FORCE 1A BLAR M 12 mm F I R 45K B 87 £ 1)
MR B30 R . BRSSP
HFET B T EAATE R, FIRDIREI I SR AT 1
AR E BRI, RS 10 do

1.2.5 dsHvVIAPS %} HvIAPS 3 B T H30CE 69l 2

BEFHIR] H &t — 1 /R 4 88 40 H U AL BR
24 hJ5 B THIA UELC . B A2 30 mm . 5 13 mm Y1557
LA BRI S BY 1A, PR AR BRI 5 4351 ] v
1 puL A 200 ng/ul (1Y dsHvIAPS F1dsGFP, & Ak
M3AEE RIS TR (25+1) ¢ DGR
14 L:10 D AHXHREE (80£5) %) N T A il 7,
AP 2 d R, VR AR, T-80 Cil ki vk
FEIRAF o R TRIZoLVEFR IR i L RNA, 211 1.2.1
071 5% 57 5 K45 cDNA, 2% Ji] RT-qPCR J7 i 46 1l
HVIAPS 3R 5K 8 HvIAPS AR A,
Jridlal 1.2.2, i RO REFA S — A RS
o HvIAPS BIABXT RN L E dsHvIAPS TR
1.2.6 Ak ik = A o) dsSRNA

FHXUTT Ja 86 18 1ii 19 L4440 Ji ki /F Sl 3 1k
dsRNA IR, HRIE HvIAPS i GFP (LK F 51,
K F % 14 vazyme. com (https://crm. vazyme. com/
cetool/singlefragment. html) 73 1 5 7145 55 L P #5 5]
Y L4440-dsHvIAP5-F/L4440-dsHvIAP5-R H1 L4440-
dsGFP-F/L4440-dsGFP-R (£ 1), PCR i F£ ¢ FiA
% A 1.2.3, % ] QuickCut™BamH 1 Fl Quick-
Cut™ Sac 1 il X} L4440 84K 3 47 XUHG U1 [ g,
DNA JiZ [F i 77 €5 %) PCR 3714 774 L K 28 Ak 1)
FAREERE T, 2lidl . SRR S A7k Cl16
B AEAL S A L4440 24K 5 B (93 F BT
RANEREEN . B R TR AHA RN
- B-D-F AR 2 FLBEFF (isopropyl -D-1-thiogalacto-
pyranoside, IPTG) i 5 T7 % & Wi 116 1 A9 RNase 111
BT R AT HT 115 (DE3) B2 S 4ifurh . #eih
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52%

1B J5 B PR A T LB BARRE #2351, 37 Cid i
FIn PR BATE VR 6 A T AW TR () ey A R
N AV AT R 0 2 0 I 6 G R R AT TR R
F&. W4 pL EWRIEM R 4 mL &4 10 pg/mL PUIRE
10 pg/mL 2K 5 5 R 19 LB IR A R Fr 3L p, F
37 °C.210 r/min 554 F IR 1R 12~14 h, lL500 pL
EEHE SR S0 mL E A AHIRIVR BETA: 210 LB WA FR3E
o RERRTTRBO'EIE OD g0 1551 0.5~0.8 B fITA IPTG,
i =L R 1 mmol/L, F37 °C 120 r/min 504 F &
ik 5 hifi S dsRNA £k . WA dsRNA (135 5
T, LA 5 000 g 2500 10 min, WS F 5 B LE I,
¥ JH TRIzol = #2 Bk RNA, ] GoldView 1 4 7, ()
1.5% B R RHEE KT dsSRNA 4575 . B ik dsRNA
BB 100 mL, T 5 000 g 4 C &4 F &L 10 min,
WA, TR ZK BRI 5 T T e 220 RN AT
1.2.7  HPRE R EK 8 dSHVIAPS 3+ %) 2 5 7& 69 %%

ek la) B a0 = /RS 1 R4 85540
PURRAL B 6 h )5 2 BB 1848 A2 30 mm ., &
13 mm A4 85 % ML rp AR 0 A R AR, A3 I 1 3k
K E AR 12 mm B B i 7 R4 I F Rk
dsHvIAPS F1 dsGFP R (WOEEE ODygg 0 2174 0.8)
HZ 1 min, AT 5 B FUEAC R H . Bk
184 A 1 F 25 dsSRNA LR F, 453k 4 184
AR 1S R, KR IR IILE TR E (25+1) C OB
14 L:10 D FH X (80+5) % 1Y N TS A48 v 1%
I BER T LRI B AR d e B AR b B
BT T A N ARG e T B, T
AT R g 10 do RN E S MY
A

(98]
[}
1

N
[
1

g
=)
1

n
1

HIXFFRIXE Relative expression level
=
=

o 1
Egg Ist
instar instar instar instar

28 W AR W M B
2nd  3rd  4th Pupa Male Female

KRB MrBt Development stage

EE A EZAE 103k4H
1.2.8 =T+ /\EIN &L e rem

i aAND L N E o) B O 1 NG <
JEAE 4230 mm ., 5 13 mm AR A, FH A
SRR, BRI K3, 3 0 4 M 1 ul 200 ng/ul i
RSN 1 dsHVIAPS Rl dsGFP, 3 d Ji i i, B
AL, H 4% I FEVS WO A 42U , A i 4
H 2 4 pm B U) ORI B8 A L AT
TUNEL 4 ta4b 3, {8 ] Pannoramic #5406 3% F it
T3, R Case Viewer 2.3 4R 4- LT H .
1.3 #ESHh

K JH SPSS 21.0 A £l A 748 153 b, >R
B Ty 0T, e 22 B OR A ¢ R i R A T
22 5 W MRS I s =& M LA 0 FH Duncan G & i)
AT BEVER L

2 BERESMH

2.1 #Z+/\EZMHd HvIAP5 R RIEER
TEAR TR & & B Bery i — 1 /N2 B AR,

HvIAPS FER W 3Rk A 7E I il 25 57 (F,,=217.0, P<
0.001) , HH7E 4§ %)y b HvIAPS FE PR B AR X 2634
iR, B T AL R B B (P<0.05, K 1-A) .
FEdh /R B [ 414U HvIAPS JE PR B AR Xt
FOREAAAEM W24 5 (F,,=217.0,P<0.001) , H:h 7
Tz HvIAPS SER AR 2208 e e, 765 Ak
Z L MAERR A By [CAS 3R B2 ST g h ARG ik it
BAR(E1-B) .

25.09B

20.0

15.0

10.0 + b

5.0 L

1.5
1.0 4

0.5 1

00 emik  mmE & W R R

Fatbody Malpig- Cuticle Foregut Midgut Hindgut
hian tubule

4H4H Tissue

Bl =+ /\EMHEAREZENER(A)FREHLR(B)H HvIAPs BERRIREEN
Fig. 1 Expression profiles of HvI4AP5 at different developmental stages (A) and in different tissues (B)

of Henosepilachna vigintioctopunctata
P RS R o B B bR DR . R TR/ B 32K 28 Duncan OB A2 M 22 75 K5 560 25 5 i % (P<0.05) . Data are mean+SE.

Different lowercase letters indicate significant differences according to Duncan’s new multiple range test (P<0.05).
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2.2 (ERRMRANG B dsHVIAPS 3t 4h B ) 2401
22.1 T84 R AFEFRG YA
TR 300,200 A1 100 ng/pL Ay dsHVIAPS 10 d ),

i R B A AE S 2R 5 R 64.0% . 30.0% Al
12.0%, 41 % % B 4 3T B (P<0.05) , H 4w M dsH-
VIAPS VR BEBR T, 1L AT R (& 2-A)

10004 A & 100.0-B -2
 80.0- 80.0
£ b
5] b
F 60.0- 60.0-
g ¢
D 40.0 c 40.0-
el
oS
& 20.0 d 20.0-
d
0.0 0.0
Q, ) e ) [ e ) e
s £ 0§ % s § 0§ ¢
z F 2 3z 2 F 3z =
S T 3 0z . 3% =
=. el o o (=] o o o
2 = = = g ¥ 7 2
=) B B B 0 =) =) =)
S (=} =} (=} [} () (=)
N o o o - N 0
(=) S (=)
— [o\] o
AP Treatment

E2 {AREINE B dsHvIAPS i —+/\EZH 184 (A)F14 88 (B) %) HFE R0
Fig. 2 Effects of feeding in vitro-synthesized dsHvIAPS5 on the survival rate of the 1st instar (A) and 4th instar (B)
larvae of Henosepilachna vigintioctopunctata
| A s A bR R . AN TR)/ING TR R 48 Duncan FGHT & ) 25 10K 56 22 57 [ 2 (P<0.05) . Data are mean=SE.

Different lowercase letters indicate significant differences according to Duncan’s new multiple range test (P<0.05).

222 ARG R G ERFAEREF YA

TEME dsGFP 7 dJ , i =t /2 S 4 4 g a]
TE AR 5 SR 5 10 100 ng dsHVIAPS & , /M 3R
PR K B A4 WY FN s kA5 P AL S
FH ;45 200 ng dsHVIAPS J& , AR & % B, 15
TE P A sl AL 0 S8 5 1 500 ng dsHVIAPS 4 d )5,
4% 4y OB e e R, S EUR BT, JCTR
HEA T (18] 3) o 330 2 S5 o A (K 114 4% €213 37 A
T8, AT, W1 uL ¥R EE A 100,200 F11
500 ng/uL i dsHVIAPS Ji , 4 %) B FE TS 20351 K
58.0% .32.0% F12.0% , 5% FE A Z FEAK (51 2-B) .
2.3 {RAMBREESMNE R dsHvIAPS BT HE0E

T A AN G i dsHVIAPS 200 ng J5 2 d, B =+
J\ R B 444 2y B Y HvIAPS $E R A ik i
Bl R A B2 R T 90.8% (1=512.8, df=
4,P<0.001,%14).
2.4 {AMBERERIZL dsHVIAPS 3 4 BT & RIS

F R 35 dsHVIAPS Ab BT R G5 2 K,
A /R PR 1 ROITRAET AR 10 d 5 11
1 HURAEIE %R 10.0% , 1 52 35 %55 B (P<0.001,
B 5-A) 5 ] M A VR % 3K dsHVIAPS AL ¥ G 56 1 A
JE 5 4K A HIFIRFET ™, FAK 40.0% [1) 4 #5401 1

REME ASLIRIRAS  (H R 280 S TR |, Jovk IE % P11k
AT, DECA R BEIE % P14k HLICHH AR 5 5 db 3
10 dJ7 4 1 4h BB 7E 15 28R 4.0% , B fb 25 1T X0 B
(P<0.001,[%5-B).
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Fig. 3 Effects of feeding in vitro-synthesized dsHvIAP5 on
phenotypic changes of the 4th instar larvae of

Henosepilachna vigintioctopunctata
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Fig. 4 Effects of feeding in vitro-synthesized dsHvIAP5 on the
relative expression level of HvIAPS5 in the 4th instar larvae
of Henosepilachna vigintioctopunctata

B A PR REDR . R M )28 G
KEG25 5 3 (P<0.001) . Data are mean+SE. *** indicates
significant difference between two treatments according to ¢
test (P<0.001).

2.5 {AME{KSNE B dsHvIAPS 314h B Fh 7 4B 22 9 5500

T MRS B dsGFP Ji , i 1 /R S 4 4%
oy H v g 2H 2 e R LA B A R TG TR PR A
SN B ASHVIAPS I, 4 1 4)1 W iy 2H 21 rp 48 i A B
BT E(E6) .
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VIR B TE ST T 88 h5

IAP5 AT Z AP U)RE , 76 40 M 3G 58 R 2= A T4
il Hr Y R AR AN, TR E R A
e, 32 S AR I Aedes aegypti T IAPS FEH H AT i 35
SEE P FEWE LS R A KT 3 ) (Eng et al.,
2016) 5 3 5 5% % iR 1A %5 3 (Cydia pomonella
granulovirus) H' IAPS £ [ AE i & 14 1% SEE T Cry-
phonectria parasitica F CpIAP3 W) $it #8 1- 1% 1
(Vilaplana & O’ Reilly, 2003) . A[a] B H 4 fb Jz H:
AR & B BB 14P5 B i 2Rk w5 A e I Ik 22
5. Yoon et al.(2020) W57 A& AR FLA4F #5 &y HUOR 1%
SRR BT TeldP5 B2 R R E T & . A
WFFE LS Bon e 1 /RN e e 3 e 9 T
KB BB HvIAPS FE KA 33k B ILTE 4 11340 Huib)
AN 238 f o e, TEHAB R B . HvIAPS A
AREAE A — /R BRI 4y ) A SR e ot F v
KA AR R AT e 2 Wt MR (55
P IF S 54 R E TR AR (R X st
FHEDNAT 5 8 2 PRy R it 2 1 [ M L R R K
PRI A T Bt T RGN UE . AN, HvIAPS ikl
IR, A i AR s s s, RS
Wz e A A b R I s A PR R R
TS5, A 97 A4 o 2 1 A )R] 45 AT R
Jig v K FEAE T R U TAP % 1T RE S 5 KA
R AR 22 B 2 M L B A 05 , kT R R
18 B SE EPE R DI HE (Pedersen et al.,2014) .
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Fig. 5 Effects of bacterial-expressed dsHvIAP5 on the survival rate of the 1st instar (A) and 4th instar (B)
larvae of Henosepilachna vigintioctopunctata
Pl e A B AR R . R R R B e R I VA A B0 25 5 3 (P<0.001) . Data are mean+SE. *** indicates significant

difference according to ¢ test (P<0.001).
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Fig. 6 TUNEL staining assay of the midgut in the 4th instar larvae of Henosepilachna vigintioctopunctata
fed with in vitro-synthesized dsHvIAPS5

AT 20 475K , RN A 32 A R g B 9 45 S 1R R g
RV 7E B e 25 ML b B i PR 7 1B 4 5
LA K 15 T B EE ] (Zotti et al., 2018; Lii et al.,
2020) . 5t , 3 1 RNAG £ A B A BR 9 1 18
Beauveria bassiana 1z 4% J5i % B Mythimna separata
PRI 24 MsSerpin 3& R BAG 558 ) W (5K & T A%,
2024) ; Argonaute J& K % ] g & 520 —ALEE Chilo
suppressalis RNAL IR (5-A5 55 ,2025) o ABFSRY
S50 R R dsHYIAPS J& i — /R BRI A K
KB R S ml A R W, e A R BOHE T
i 1 [ 18 TUNEL Y 4% R, dsHvIAPS kb 31 5 2 {2
TG R AR T, ST A0 R
BE  EMTLER HvIAPS L 5, i 2 ny 4 i i 1
IR EE TGN, S Ech g e B A2 A, TR e 4
BCEAT A A A BE T o 1R MR AR SN B Al dsH-
VIAPS5 2 dJ& , i = /\ B Bl du i HvIAPS BR R i3k
i I R, FLAESS 10 RAYFET- 2501 i i 75 i
BN o FE A I dsHYCHST (3% 44 %, 2022) | dsHv-
COPI (Lii et al., 2021) J dsHvwATPase A A1 dsHv-
vATPase E(Guo et al.,2021) i #2 1 t AL 2 2B
FIE RN, #E— 2D UESE T dsRNA i & 5 ¥ 2
PRITTEARAICR Z [ AL 2 B AR G

UTAESR , B T4 T F5 R G0 i dsRNA 2 H
— P R ELAR AR i il A v, B R T RNA
FOR B A | [R1As A 2 TR i) 3 A H o

WAL TR SR . AR IS B R A R R A Y
dsHVIAPS W] & 504 50—+ /R B0 Y RNAI B
N, i RS BT 22 o LIS YR TR 2o
10.0% , 4 1 %)) AT TE 2AUA 4.0% , LEARSM G LY
dsHVIAPS SUR T4, [AFF, Li et al. (2020) fiff 55 45
B B, SRS Y dsHVRPS18 Fl dsHVRPLI3
AH G , ) DL 41 7 6 35 1Y dsHvRPS18 Fl dsHvRPLI13 W]
g 2 A VR EURAFET R, SR AT i
o, KIAAT PRI o P A T2 B R 45 R4 0
TR N (Yao et al., 2015) ; UK ZIE N
FEFE Y dsRNase 1] g X SN ER #5 19 dsSRNA 77 A= [
FE A T R R T e e A i BE £ A X dSRNA B
R BR5E , DAT7E 280kE £ dsRNase Y [ ; LA,
B A7 38 PN S A AR A A i R T AT TR ) A
BE IR A 1Y dsRNA , & 45 H 3L (Salem
etal.,2017),

AWFEE AR T HvIAPS R hfg , I
RNAi §IE 55 HvIAPS (108K b 2552 T 4y HUFE 3% R
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— RIFEET RNATE AR A = /R BUR BiR £2
HE T AEAR s ILAL , 4 P ZR IR 1Y dsRNA 78 5L R ER
BCR B = ARG B dsRNA L (H = F 22 53 1
AL AN, J5 2] it FL A AT dsRNA ()
FasE v G e B LA R A0 B USR5 e B
St s HEE ML . HAT M ANTEHE HvIAPS 1
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